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Rewetting and restoration case study (LIFE
PeatCarbon) sk
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4 mires
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Habitat type Dry peat fiekd in the strong drainage impact zone 2 1 |OtS
B Degraded bog woodland Natural raised bog p

I Drained raised bog with dense tree layer in the strong drainage impact zone ||  Near-natural raised bog
1! Drained ralsed bog with dense tree layer in the weak drainage Impact zone B Restored raised bog along ditch with direct restoration effect
I Drained raised bog with dense tree layer with cumulative restoration effect B Rewetted degraded raised bog with direct restoration effect
Dry peat field along drainage ditch in the strong drainage impact zone B Rewetted overgrown raised bog with cumulative restoration effect
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Collected data

Total (ecosystem) respiration

Soil heterotrophic respiration
Soil CH,, N,O flux
Soil/air T, WTL

water quality (DOC, N, NH4, NO3,
PO3, K, Ca, Mg, redox, EC)

Soil quality (BD, pH, K, Ca, Mg, P +
trace elements)

Fine litterfall, moss production, woody
and vascular ground vegetation above
and belowground biomass




Vegetation and litter biomass —

Aboveground biomass of Aboveground biomass of  Belowground biomass of ~ Belowground biomass of Fine literfall, Moss production,
vascular plants, ground vegetation woody vascular plants, ground vegetation woody tChatlyear? tChalyear?
tChatlyear! plants (shrubs), tChalyear! plants (shruns), 11 11
- tChatlyear! 11 tChatlyear!
1 - 10 10
10 10 11
10 10 J °
9 9
9 9 8 8
8 o 8
8 8 7 7
7 o 7
7 > 7 6 6
6 X 6
6
5 5 : > >
5 X . 5
‘ s i
4 4
T 4 4
— o T j_ o 3 3 —‘7
1 [¢]
4 -+ 2 2 2 | X
2 9 2 %’@\ T 2 —|— X// . \\>°<
1 . ) M m 1 M . LS A
0 0 0 0 0 'ﬂ/ \% 0 =
Rewetted Rewetted Rewetted Rewetted Rewetted Rewetted

Near-natural Degraded Near-natural Degraded Near-natural Degraded Near-natural Degraded Near-natural Degraded Near-natural Degraded




C efflux measurement results

Measured hetrotrophic respiration,
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Soil C balance calculation methodological
choice

SILAVA

AND/OR
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Directly measured Rhet based Soil C balance

estimation method

AC = (AGVa+AGVp*k1)*k2+BGV*k3+Rhet
where:
AC — annual soil C balance

AGVa — annual fine litterfall and moss production,
aboveground vascular vegetation peak biomass

AGVp — woody ground vegetation aboveground
biomass

BGV — belowground biomass
K1, K3 —turnover rates

K2 —aboveground litter C content to soil C input
recalculation coefficient

Rhet — heterotrophic respiration

SILAVA

&Csuil =L— Rhet (]}

Rher can be measured in extensive studies by using portable soil
respiration chambers and upscaled to a countrywide level (Ojanen
et al., 2010; von Arnold et al., 2005a). Forest inventory results pro-
vide a basis for estimating country level tree and ground vegeta-
tion biomass and further L. On the other hand, neither L nor Rjet
can be directly measured. The estimation of belowground L from
biomass is based on root turnover rates and these are highly uncer-
tain (e.g. Godbold et al., 2003; Ostonen et al., 2005). Rye¢ in turn
needs to be separated from forest floor respiration (Rpo.) that also
includes the autotrophic respiration associated with tree roots and
with ground vegetation.

https://doi.org/10.1016/j.foreco.2012.04.027
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Directly measured Rhet based Soil C balance
estimation method assumptions SiLAvA

Biomass turnover rates (hips;//doi.org/10.14214/4£ 30,

* Woody biomass belowground biomass 0.33
* Woody biomass aboveground biomass 0.25
* Vascular plant aboveground biomass 1.0

* Vascular plant belowground biomass 0.33

Fraction of aboveground litter considered as annual C input 0.80 by

confluence of:
* Aboveground litter carbon input by Olson’s (1963) model X=X0e{™*" (ttps://doi.org/10.2307/1932179),
where t -12, k for vascular plants — 0.2 (10.1029/20086m000815)

* Yasso20 predicted (https://doi.org/10.5194/bg-20-3827-2023) decomposition rate in the first year according to
AWENH for moss and vascular plants [0.65;0.07;0.04;0.24;0] and [0.46,0.32;0.04,0.18]
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https://doi.org/10.2307/1932179
https://ui.adsabs.harvard.edu/link_gateway/2009GMS...184...99B/doi:10.1029/2008GM000815

Rtot to Rhet recalculation based Soil C
nalance estimation method SiLAVA

AC = (AGVa+AGVp*k1)+BGV*k3+Rtot*k2 However, it is also possible to utilise Rgoo measurements and
avoid the partitioning of below ground processes. For C input, we

where: then need to estimate the entire flux of photosynthesis-derived C
AC = annual soil C balance into the forest floor, as Rpeor is the total CO, efflux from the for-
est floor. Ecosystem photosynthesis (GPP..,) consists of tree
AGVa — annual fine litterfall and moss production, stand (GPPgees) and forest floor (GPPj,o) photosynthesis. The
aboveground vascular vegetation peak biomass above ground parts of the tree stand respire a part of the assim-
ilated C (Rirees above) and Rpqor comprises the rest of the ecosys-
AGVp — woody ground vegetation aboveground tem respiration (Rec). The change in ecosystem C storage
biomass consists of AC,,; and the changing biomass of tree stand and for-
est floor vegetation (ACy;om). Thus, the remainder of GPP..,, after
BGV — belowground biomass subtracting all respiration fluxes and ACy;om, accounts for AC;
K1, K3 — turnover rates (Rioor method):
ACscnil = [Gpptrees + Gppﬂuur] - {Rtrees_abwe + Rﬂoor] - "‘—""Cbr'ﬂm (2)

K2 — Rtot to Rhet recalculation coefficient

Rtot — total respiration https://doi.ore/10.1016/j.foreco.2012.04.027

13


https://doi.org/10.1016/j.foreco.2012.04.027

Rtot to Rhet recalculation based Soil C

nalance estimation method assumptions i
N
Rtot to Rhet recalculation coefficient 0.5
when T>5 °C:
) Measured Rhet : Rtot 12
* Ombrotrophic bogs 0.25 N o .
(https://doi.org/10.3389 /feart.2023.1263418) 2 _ 10
- E 1 °
* raised ombrotrophic bog 0.46 1.5 = ; 8 .
(https://doi.org/10.1046/}.0022-0477.2001.00633.x) T S g e
—_ ] o © o .7
* Oligotrophic minerogenic mire 0.45 1 = S 4 . o % .
(10.1111/gcb.14292) o o & P S
0.5 ; -~ === co 2 o .
* Blanket bog 0.46 — 0.59 1 52 °
(https://doi.org/10.1016/j.geocderma.2009.09.002) 0 by ; . .
I
Belowground biomass turnover rate 0.33 Rewetted Total respiration
(https://doi.org/10.14214/df.30.) Near-natural Degraded C COD-C : ;_1 y' iy
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https://doi.org/10.3389/feart.2023.1263418
https://doi.org/10.1046/j.0022-0477.2001.00633.x
https://doi.org/10.1046/j.0022-0477.2001.00633.x
https://doi.org/10.1046/j.0022-0477.2001.00633.x
https://doi.org/10.1111/gcb.14292
https://doi.org/10.1016/j.geoderma.2009.09.002

C balance results by both methods
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Soil carbon balance and soil properties o

N in topsoil, g kg Pintopsoil, g kg™
net CO,-C, t hatyr?(byRhet) 18 0.7
s A S
4 < - 14 1 P X 0.55 | x.
o — = 0.5 I N
3 . 12 l 0.45 5 T S
0 T 0.4
2 - 035 =
8 03
1 Rewetted Rewetted
0 /’; Near-natural Degraded Near-natural Degraded
—
/(’/—’—-
-1 ;/ | ) o K in topsoil, g kg Topsoil pH
-2 ° - ° 1.2 3.2 _
1 o 3
= 1 0.8 T 2.8 g\\\;\
- 0.6 5] 26 i _
— s 24 L
-5 0.4 1 B .,
6 0.2 '2
0
_ Rewetted
Near-natural Rewetted Degraded Near-naturaIRewetted . Nearmatural begraded

16




Methane and WTL

CH,4, kg hatyr? WTL bellow the surface, cm
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N,O and redox potential 2

N,O, kg halyr? Redox potential, mV Electric conductivity, pS
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Summary
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summary

SILAVA

e Estimated soil C balance varies around equilibrium in all site type
categories

* Observed gradient of reduced measured soil heterotrophic respiration and
increasing estimated sinks in site category direction Degraded - Rewetted
— Near-natural

* Reduced degraded soil mineralization rate likely relates to relatively lower

nutrient availability (tendency of relatively lower nutrient concentrations
and pH) and mean WTL<30cm

* Risk of increased non-CO2 emissions in rewetted sites could be linked to
higher WTL variation+nutrient availability, as indicated by the tendency of
higher electric conductivity of soil water and increased redox potential
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